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This study evaluated the effects of different lamb production systems on live weight gain (LWG), carcass quality and 
meat quality. Four production systems for weaned intact male lambs were examined: indoor feeding with grass  
silage and concentrate (group 1), grazing on cultivated pasture with (group 2) or without (group 3) concentrate, and 
grazing on semi-natural pasture (group 4). Live weight, carcass weight, dressing percentage, carcass conformation, 
fatness and pH decline were recorded at slaughter, and M. longissimus thoracis et lumborum was analysed for colour, 
thawing and cooking loss, pH after 24 hours and 6 days, and Warner-Bratzler shear force. LWG was strongly  
affected by production system, being highest for group 1 and lowest for group 4 (p<0.001). Group 4 had the lowest 
conformation (p=0.002) and fat scores (p<0.001). Hence, production system affected age at slaughter, live weight 
gain, weight at slaughter, carcass conformation and fatness scores, but caused no differences in meat quality  
attributes in intact male lambs.  
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Introduction
Domestic lamb and sheep meat production was in 2019 5.090 tonne, which corresponds to 30.7% of Sweden’s 
total consumption in 2019 (Lannhard Öberg 2020). This suggests that there is potential for expansion of Swedish 
lamb meat production. Rising demand for high-quality Swedish lamb means that data are needed on the optimal 
way to rear lamb under Swedish conditions, so as to produce meat with high and consistent eating quality. It is well 
known that the eating quality and size of valuable cuts of Swedish lamb currently vary more than those of import-
ed lamb and sheep (Carlsson and Arvidsson Segerkvist 2018). Several factors may explain this variation, including 
some related to primary production such as production system, choice of breed and/or cross, age at slaughter and 
carcass weight. The Swedish lamb meat production is characterized by few large and many small farms, with a large 
verity of breeds and production systems (Carlsson and Arvidsson Segerkvist 2018, Lannhard Öberg 2020). The av-
erage herd size was 33 ewes and/or rams in 2019 (Jordbruksverket 2019). It has also been shown that feedstuffs 
and feeding regime can also affect lamb meat quality (Watkins et al. 2013). In particular, pasture and concentrate 
may have different effects on meat flavour (Fisher et al. 2000, Arsenos et al. 2002, Priolo et al. 2002, Resconi et al. 
2009). Feeding strategy can also influence glycogen storage in muscles, which in turn affects post-mortem muscle 
metabolism and thereby meat quality. Glycogen in muscles is converted into lactic acid under anaerobic condi-
tions after slaughter, which reduces the pH of the muscle tissue. Since glycogen serves as ‘fuel’ in this process, it is 
essential to ensure that glycogen storage in the muscles prior to slaughter is sufficient to enable an adequate de-
cline in pH (Bendall 1973). The official recommendation in Australia is for crossbred lambs to gain 100–150 g day-1 
in the last two weeks pre-slaughter, to ensure that the animals are in positive energy balance (growth phase) and 
have adequate glycogen depots in muscle (MSA 2015a). The effects of different feeding strategies on lamb meat 
quality can be evaluated by measuring the carcass pH, which is a useful indicator of various meat quality parame-
ters. Specifically, the pH at 24 hours after slaughter (pH24) is commonly used as an indicator of tenderness in meat 
(Geesink et al. 2000, Thompson et al. 2005, Toohey et al. 2006). Carcass pH (and thus meat quality) is sensitive to 
many factors pre-slaughter, during slaughter and post-slaughter, and can therefore vary between production sys-
tems (Sañudo et al. 1998). It is thus very important to understand how different production systems affect meat 
quality, in order to help producers deliver the consistent meat quality demanded by consumers. 
The aim of this study was to determine how the four most commonly used lamb production systems in Sweden 
affect live weight gain (LWG), carcass quality and meat quality. The hypotheses tested were that: 1) higher feed-
ing intensity improves growth rate and carcass and meat quality; and 2) concentrate allowance increases LWG, 
and thus carcass and meat quality. 
Manuscript received April 2020
AGRICULTURAL AND FOOD SCIENCE
E. Stenberg et al. (2020) 29: 432–441
433
Material and methods
Animals and experimental design
The experiment was performed between 29 June and 26 October 2016, at SLU Götala Beef and Lamb Research, 
Swedish University of Agricultural Sciences (SLU), Skara, Sweden (58°42′N, 13°21′E) and at a private farm outside 
Skara, Sweden (58°20′N, 13°26′E). In total, 80 crossbred weaned intact ram lambs (Dorset x Fine Wool) were in-
cluded in the study, 36 of which were 50:50 crosses and 44 were 75:25 Dorset:Fine Wool crosses. The experiment 
was approved by the Ethics Committee on Animal Experiments, Gothenburg, Sweden (Registration No. 53-2016). 
Immediately prior to the study, the lambs were weighed and divided into four groups of 20 individuals each, 
equally balanced by breed crosses. All lambs were weaned just prior to the study. Average live weight (26.4±2.7, 
26.8±2.8, 26.4±3.1 and 26.0±2.7 kg for group 1, 2, 3 and 4, respectively) and age (85.25±6.0, 85.2±5.9, 84.45±5.3 
and 84.4±6.0 days for group 1, 2, 3 and 4, respectively) were similar for the four groups at the start of the exper-
iment. Each group was assigned a unique feeding treatment and followed that treatment throughout the experi-
ment, with all groups starting treatment on 29 June. The treatments were: 1) indoor rearing; 2) cultivated pasture 
with a concentrate supplement daily; 3) only cultivated pasture; and 4) semi-natural pasture (Table 1). Group 4 was 
reared on the private farm, while the other three groups were reared at SLU Götala Beef and Lamb Research farm. 
Experimental diets
Feed values and chemical composition of the experimental feeds are presented in Table 2. Group 1 was fed a diet 
consisting of silage ad libitum and 0.8 kg of a standard commercial concentrate (Fårfor Lamm 500, Lantmännen, 
Västerås, Sweden) per lamb per day to promote rapid growth. The seed mix for the silage consisted of 76% timo-
thy (Phleum pratense L.), 18% red clover (Trifolium pratense L.) and 6% white clover (T. repens L.). The silage was 
harvested on 27–31 May, and was fertilised in late April with around 30 tonne ha-1 of cattle manure, providing 1.5 
kg N tonne-1. A commercial additive (mixture of formic acid and propionic acid) was added to the herbage before 
ensiling. The animals in group 1 had free access to water, salt and minerals, and were housed indoors in an en-
closed pen made from metal gates and with wheat straw bedding.
Groups 2 and 3 were kept on cultivated pasture in two different enclosures of 1.0 ha, both were divided into three 
grazing paddocks of 0.3 ha each. Both groups had access to one of the three paddocks at a time and they were 
moved once a week. Groups 2 and 3 differed in feeding intensity (Table 1), but both groups had daily access to a 
salt and mineral block and were given free access to water in a tub in each paddock. The seed mix for the culti-
vated pastures consisted of 50% timothy, 20% meadow fescue (Festuca pratensis Huds.), 15% perennial ryegrass 
(Lolium perenne L.), 10% red clover and 5% white clover. The cultivated pasture for groups 2 and 3 was fertilised 
on 3 April with 250 kg of Axan (Yara AB, Malmö, Sweden) (total nitrogen 27.0%, nitrate nitrogen 13.5%, magne-
sium 0.4%, sulphur 3.7% and calcium 6.0%) and then on 5 April with approximately 30 tonne ha-1 of cattle ma-
nure (1.5 kg N tonne-1). The forage was harvested on 10 June. The regrowth was not fertilised after harvesting. 
Group 4 was kept on unimproved semi-natural pasture (Table 2) with daily access to salt and minerals. The semi-
natural pasture contained trees and shrubs and was on hilly land. This group was moved to new pastures on three 
occasions (31 August, 8 September, 11 October) due to poor quality and growth of the pasture late in the season. 
Lambs on semi-natural pasture had free access to water in a pond, stream or tub. 
Due to illness, two lambs were removed from the experiment, one from group 1 and one from group 2. Data on 
these animals were excluded from further analyses, so the results are based on data for 78 lambs in total. 
*Group 2 received 0.4 kg of concentrate per lamb daily between 28 September and 4 October, 
due to poor pasture availability.
Table 1. Feeding strategies used for groups 1–4
Group Treatment
Group 1, indoor Silage ad libitum + 0.8 kg concentrate per lamb daily
Group 2, pasture Cultivated pasture + 0.3 kg concentrate per lamb daily*
Group 3, pasture Cultivated pasture with no concentrate
Group 4, pasture Semi-natural pasture with no concentrate
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Special treatments during the experiment
All animals were dewormed (ivermectin, 0.8 mg ml-1) at the start of the experiment. All animals other than those 
in group 1 were dewormed again after four weeks. Animals in group 4 were dewormed a third time, six weeks 
after the second treatment. 
Feed sampling and analyses 
Throughout the experiment, silage samples were collected daily and pasture samples were taken once a week 
and stored at –20 °C until analysis. Pasture samples were cut with a handheld machine, along a W-shaped route 
in each pasture according to Frame (1993). Before analysis, samples were pooled to obtain representative sam-
ples for consecutive 4-week periods. For mineral analysis, samples were pooled to obtain a representative sample 
for the whole experimental period. The height of the cultivated pastures was measured each week in conjunc-
tion with weighing the lambs, immediately before the lambs were released into a new paddock. Sward height 
was measured according to Frame (1993), following the W-shaped route, with a rising plate meter (0.3 × 0.3 m, 
weight 430 g). The same sampling procedure was used for the semi-natural pasture, although the lambs in this 
group were not moved to a new pasture each week. 
Crude protein was analysed according to Dumas (1831) and digestible protein levels were calculated using the 
digestibility coefficient of Spörndly (2003). Ash content was analysed by combustion at 525 °C. Dry matter (DM) 
measurement was performed by drying samples at 60 °C for 16 hours and then at 130 °C overnight. Neutral de-
tergent fibre (NDF) was analysed as described by Chai and Udén (1998), using 100% neutral detergent solution, 
amylase and sulphite. Metabolisable energy (ME) was determined by incubation in rumen fluid and buffer for 96 
hours (Lindgren 1979) and then calculating the ME concentration based on in vitro disappearance of rumen or-
ganic matter, as described by Lindgren (1983). 
Weighing and body condition scoring of the lambs
All lambs were weighed once a week on a portable scale (Iconix 21, Iconix New Zealand Ltd, New Zealand). Body 
condition scoring (BCS) was performed according to Swedish standards, using five condition classes ranging from 
1 (very lean) to 5 (very fat) (Eggertsen 2007). The target for the lambs for slaughter was BCS 3 and live weight 47–
50 kg. The lambs were divided into 10 slaughter groups, with 6–8 animals in each group.
Slaughter
For practical reasons, all animals were gathered and kept indoors on the farm on the night before slaughter. All 
had free access to water and silage until transport to a commercial abattoir, located about 10 minutes’ drive from 
Group 1 = indoor feeding with silage; Group 2 = cultivated pasture with supplemented concentrate; Group 3 = cultivated pasture only; Group 
4 = semi natural pasture; 1 = Standard deviation in brackets; NDF=neutral detergent fibre; AAT=amino acids absorbed in the duodenum; 
PBV=protein balance in the rumen; 2 = Values from feed producer 
Table 2. Chemical composition and feeding values of the experimental feeds






n 3 4 4 4 1
Dry matter, g kg-1 297 (31)1 233 (33) 228 (22) 223 (39) 878
Crude protein, g kg-1 168 (16.2) 183 (29.3) 168 (16.8) 198 (28.6) 185
Digestible protein, g kg-1 126 (15.0) 140 (27.6) 127 (15.8) 180 (69.6) -
Metabolisable energy, MJ kg-1 DM 11 (0.3) 12 (0.4) 10 (0.5) 12 (0.3) 13
NDF, g kg-1 507 (16.6) 421 (40.5) 453 (10.7) 396 (31.4) 278
Ash, g kg-1 70 (3.5) 90 (1.7) 83 (8.5) 86 (2.5) 81
Crude fat, g kg-1 - - - - 482
Crude fibre - - - - 912
Starch, g kg-1 - - - - 2382
AAT, g kg-1 - - - - 1302
PBV5, g kg-1 - - - - 202
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the farm. All animals were transported in a horse trailer driven by staff from the university (SLU) to the abattoir 
at approximately 08:00 h. All procedures at the abattoir, such as lairage before slaughter, were varied as little as 
possible. The lambs were rendered unconscious by captive bolt stunning and then exsanguinated within 6 ± 2 
seconds. Carcass weight (hot carcass weight × 0.98) and carcass grade were recorded. Conformation and carcass 
fatness were assessed manually by a certified classifier using the EUROP-scale, which has 15 classes ranging from 
1 (poor conformation/very low fat) to 15 (very excellent conformation/very high fat). Dressing percentage was 
calculated as carcass weight/live weight × 100. Muscle pH was recorded, in the M. longissimus muscle, 24 hours 
after slaughter of each animal (Seven2Go pro, Metler Toledo, Schwerzenbach, Switzerland). Between test occa-
sions, the pH probe was cleaned with pepsin solution to remove residual protein and with ethanol to remove re-
sidual fat, in accordance with the manufacturer’s instructions. The probe was then re-calibrated with pH 4.0 and 
7.0 buffer solutions. 
Meat quality analyses
All carcasses were hung by the Achilles tendon for six days at 4 °C and then the right longissimus muscle was col-
lected from the first eight slaughtered animals in each group (in total 32 lambs). Immediately after sampling, these 
meat samples were vacuum-packed and kept frozen at –20 °C until analysis. 
For each meat sample, the colour of the thawed meat, weight loss after thawing, weight loss after cooking and 
Warner-Bratzler shear force (WBSF) of the cooked meat were determined. The preparations required to measure 
all these physical variables meant that it was only possible to process four samples per day. Therefore, we chose 
to analyse one sample from each sample group on each day of analysis. An additional seven analysis sessions 
were performed for the remaining samples. All analyses were completed within two weeks. Before each analy-
sis session, four meat samples (one each from groups 1–4) were removed from the freezer, unpacked, weighed 
(start weight), repacked in a new vacuum bag and thawed for 15 hours at 4 °C. The samples were then tempered 
in a 20 °C water bath for one hour, unpacked and reweighed to get the weight loss after thawing. After removal of 
the fat cover, colour measurements were performed on the surface of the longissimus muscle, at eight locations, 
using DigiEye (VeriVide, Enderby, UK) and mean of the eight measurements was calculated. For WBSF measure-
ments, repacked samples were placed in a water bath pre-heated to 75 °C for one hour or until the core tempera-
ture reached 70 °C. The samples were then allowed to cool in ice water for one hour, after which the meat was 
unpacked, weighed to get cooking loss and then placed in bags to reach room temperature. Cylindrical samples 
with diameter 15 mm (7–10 replicates/meat sample) were punched out in the longitudinal direction of the fibres 
for measurement of WBSF using an Instron 5542 instrument (Instron Ltd., High Wycombe, UK). A total of 7–10 
measurements were performed and the mean value was calculated. Each sample was placed in a wedge-shaped 
recess under the cutting blade. The blade was 1 mm thick and moved downwards through a rectangular hole at a 
speed of 50 mm min-1. The maximum force measured was used as a measure of the cutting resistance of the sample. 
Statistical analysis
Statistical analyses were performed using the Mixed procedure in SAS (SAS 9.4, SAS Inst. Inc., Cary, NC, USA). Two 
statistical models of the following forms were created, with production system (with four sub-classes) included 
as a fixed effect. 
Live weight gain, age at slaughter and carcass characteristics were analysed using the model: 
Yij= µ + Pi + eij 
Thawing and cooking loss, colour and WBSF were analysed using a model which included day of analysis as a ran-
dom effect: 
Yij= µ + Pi + dij + eijk 
where Yij is the dependent variable, µ is the grand mean, Pi is the fixed effect of the production system, dij is the 
random effect day of analysis, and eij and eijk are the residual error (~ N(0, σ
2)). A general Satterthwaite approxima-
tion for the denominator degrees of freedom was performed, using the SATTERTH option in SAS. 
Differences were considered significant at p<0.05 and indicative of tendencies at 0.05≤p<0.10. 
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Results
Feeding intensity and live weight gain
The amount of pasture available to group 4 (5.6 cm on average over the experimental period) was less than that 
for the other pasture groups (9.5 cm for group 2, 9.2 cm for group 3). Production system had an effect (p<0.001) 
on LWG, which followed the intensity of the feeding treatments, i.e. group 1 lambs had the highest LWG, followed 
by group 2, group 3 and group 4, respectively (Table 3). As expected, LWG affected the age at slaughter, which dif-
fered between all four groups (p<0.001). Group 4 lambs had the highest age at slaughter. Live weight at slaugh-
ter also differed between the groups (p=0.011). Group 1 had the highest live weight at slaughter, while group 2 
had higher live weight at slaughter than group 3 (Table 3). There were between-group differences in LWG during 
the last 14 days pre-slaughter. In group 4, growth rate per day in the last 14 days prior to slaughter exceeded the 
overall growth rate during the experiment. 
Carcass quality 
Production system had a significant effect on carcass weight (p<0.001), with group 4 having lower carcass weight 
than the other three groups. Group 4 had lower conformation (p=0.011), fat score (p=0.039) and dressing per-
centage (p<0.001) than all other groups (Table 4). 
Group 1 is reared by indoor feeding with silage and concentrate; group 2 on cultivated pasture with 0.3 kg concentrate per lamb 
daily; group 3 on cultivated pasture and group 4 on semi-natural pasture. SEM = standard error of the mean; NS = non-significant 
(p>0.05); a-d = Mean values within rows with different superscripts differ significantly (p<0.05); 1 = Average LWG during the last 14 
days pre-slaughter.
Table 3. Live weight (LW), age and live weight gain (LWG) of lambs reared using four different production systems
Parameters Group 1 Group 2 Group 3 Group 4 SEM Significance
n 19 19 20 20
LW at start, kg 26.4 26.8 26.4 26.0 0.65 NS
LW at slaughter, kg 50.6a 50.3ab 48.3c 48.9bc 0.54 0.011
Days in experiment 65d 82c 91b 109a 2.7 <0.001
Age at slaughter 149a 167b 177c 194d 2.9 <0.001
LWG, g day-1 377a 287b 244c 211d 7.9 <0.001
LWG 14d1, g day-1 322a 287ab 244b 319a 0.0 0.043
Table 4. Carcass quality and meat quality of lambs reared using four different production systems
Parameter Group 1 Group 2 Group 3 Group 4 SEM Significance
Carcass quality
n 19 19 20 20
Carcass weight 21.6a 21.3a 20.9a 18.8b 0.47 0.003
Conformation1 9.2a 8.7a 8.7a 7.9b 0.24 0.002
Fatness2 7.4a 7.7a 7.4a 6.5b 0.17 < 0.001
Dressing, % 42a 42a 41a 37b 0.4 < 0.001
pH24 5.83 5.66 5.77 5.59 0.098 NS
Meat quality
n 8 8 8 8
Age at slaughter, d 146a 163b 172c 193d 3.5 < 0.001
pH6d 5.45 5.40 5.45 5.41 0.032 NS
Thawing loss, % 4.3 4.8 4.1 5.0 0.40 NS
Cooking loss, % 24.3 24.1 22.8 24.2 0.87 NS
Colour L* 37.1 37.2 36.5 35.7 0.69 NS
Colour a* 16.9 16.5 16.6 16.4 0.28 NS
Colour b* 7.5 7.0 6.8 7.1 0.31 NS
WBSF, N(cm2)-1 33.8 45.9 31.9 34.9 4.88 NS
Group 1 is reared by indoor feeding with silage and concentrate; group 2 on cultivated pasture with 0.3 kg concentrate per lamb daily; 
group 3 on cultivated pasture and group 4 on semi-natural pasture. SEM = standard error of the mean; a-b = Mean values within rows 
with different superscripts differ significantly (p<0.05).2 = According the EUROP system, where 1=P-, 2=P, 3=P+, 4=O-, 5=O, 6=O+; 7=R-, 
8=R, 9=R+, 10=U-, 11=U, 12=U+, 13=E-, 14=E and 15=E+; 3 = According the EUROP system, where 1=1-, 2=1, 3=1+, 4=2-, 5=2, 6=2+; 
7=3-, 8=3, 9=3+, 10=4-, 11=4, 12=4+, 13=5-, 14=5 and 15=5+; NS = non-significant (p>0.05); WBSF = Warner-Bratzler shear force 
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Meat quality indicators and technological meat quality attributes
There were no differences between groups with respect to the technological meat quality attributes, i.e. pH af-
ter 24 hours, pH6d (six days after slaughter), thawing loss, cooking loss, colour (L*, a* and b*) and WBSF (Table 4).
Discussion
In this study, higher feeding intensity resulted in higher LWG, with group 1 lambs having the highest LWG, but there 
was no effect on meat quality attributes. Live weight gain and/or live weight at slaughter differed from those in 
comparable studies (e.g. Young et al. 1994, Pethick et al. 2005, Campbell et al. 2012). 
The LWG values were mostly higher than in previous studies, where some of the treatments described even gave 
negative LWG (Young et al. 1994, Pethick et al. 2005, Campbell et al. 2012). However, the nutrient content of the 
feeds used in those studies is only briefly described, so it is difficult to compare the results with those in the pre-
sent study. The energy content of the cultivated pasture for group 3 was lower than that for group 2, even though 
both groups grazed the same field (albeit different parts). This difference in energy content was most likely due 
to differences in the establishment and relative abundance of various plant species, i.e. the sward composition in 
the pasture, influencing the nutritional content in different areas of the pasture. Although the nutrient content in 
the semi-natural pasture was good (Table 2), it should be noted that the amount of pasture available for group 4, 
based on sward height, was less than that for the other pasture groups (groups 2 and 3). This observation is im-
portant for understanding the comparatively low growth rate of group 4, which was most likely adversely affect-
ed by pasture availability, as the nutritional content of the pasture was high and should have resulted in higher 
growth. However, the LWG in group 4 lambs (211 g day-1) was similar to that in a study by Lind et al. (2009), who 
observed LWG of 230 g day-1 on semi-natural pastureland in northern Norway. Thus, it can be concluded that rear-
ing lambs on semi-natural pasture in the temperate climate zone is feasible. The LWG14d for group 4 was higher 
than the average LWG for the whole rearing period. The reason for this remains unclear. To increase the weight at 
slaughter for animals reared on semi-natural pastures (group 4), the lambs could: i) be given supplementary feed 
or ii) lambing time could be brought forward in the spring, in order to enable earlier release to pasture and en-
sure that the lambs have time to grow and reach slaughter maturity before the nutritional quality and availability 
of semi-natural pastures decreases in the autumn. 
As expected, the high-intensity feeding systems (groups 1 and 2) and the intermediate production system (group 
3) all yielded carcasses with higher conformation and fatness scores than the extensive feeding system (group 4). 
However, although group 4 lambs had the lowest scores for both conformation and fatness, the carcasses would 
still qualify for the highest payment per kg carcass weight according to the current price list at two Swedish ab-
attoirs (HKScan 2020, KLS 2020). The dressing percentage was lower for group 4 (37%) compared with the other 
groups (41–42%). This could be explained by the higher age at slaughter for group 4 lambs, which is associated 
with greater loss of weight in terms of head, bones and intestines (Muir et al. 2008). This loss of weight probably 
did not derive from greater rumen fill at slaughter, since the amount of pasture available to lambs reared under 
semi-natural conditions was limited. As expected, feeding intensity affected both growth per day and number 
of days to slaughter. Although group 3 lambs were reared at a lower intensity than those in groups 1 and 2, they 
were ready for slaughter at around the same time as group 1 and 2 lambs, despite being raised solely on culti-
vated pasture. Overall, there were no appreciable differences between groups 1, 2 and 3 with respect to carcass 
conformation and fatness scores.
In meat from groups 1 and 3, the pH24 value exceeded 5.7 which is considered as the upper limit for a good eating 
quality (MSA 2015b). This outcome was unexpected, since high growth rates are associated with high glycogen stor-
age in muscles, which normally causes the expected post-slaughter pH decline. However, our results are consist-
ent with those of Pethick et al. (2005), who found that meat from animals fed a high-energy diet had higher pH24 
than meat from animals fed low-energy diets. That study also found that the high-energy group unexpectedly lost 
a greater proportion of glycogen between farm and slaughter than lambs raised on pasture. Pethick et al. (2005) 
suggested that these animals may have been more predisposed to lose glycogen in response to stress, a trait which 
could be of metabolic or behavioural origin. In the present study, even though groups 1 and 3 meat had high pH24 
values, there was no expected effect of high pH on the tenderness of the meat (WBSF values). Other studies have 
found that lower pH24 values are associated with more tender meat, e.g. Devine et al. (1993) found that meat is 
most tender when its final pH is 5.5–5.7. Moreover, two of the pH24 values observed in the present study were 
above the upper limit of 5.7 recommended by Meat Standards Australia (MSA 2015b). Based on this standard, 
AGRICULTURAL AND FOOD SCIENCE
E. Stenberg et al. (2020) 29: 432–441
438
there was a risk of meat from groups 1 and 3 having lower eating quality than that from the other groups. Com-
mercial research in New Zealand has established that the desirable pH24 range for lamb is 5.4–5.8, with values of 
5.8–6.0 being associated with intermediate quality (Alliance Group Ltd 2010). Based on these criteria, groups 2, 
3 and 4 had more numerically preferable pH24 values than group 1. 
In the literature, the pH at 24 hours post mortem is often defined as ”final” pH (e.g. Koohmaraie et al. 1991, 
Koohmaraie et al. 1995, Watanabe et al. 1996, McGeehin et al. 2001, Díaz et al. 2002, Priolo et al. 2002, Sañu-
do et al. 2003, Velasco et al. 2004, Pethick et al. 2005, Teixeira et al. 2005, Majdoub-Mathlouthi et al. 2013, Ma-
jdoub-Mathlouthi et al. 2015). However, in the present study a continuous decline in pH was seen between pH24 
and pH6d (Table 4). In contrast, Koohmaraie et al. (1995) found that the pH of lamb carcasses 24 hours post mor-
tem (pH24 = 5.6) was identical to that six days later, and that carcass pH values then rose slightly (to 5.7) between 
seven and 21 days post mortem. It is thus not clear whether pH generally drops significantly after 24 hours or not. 
However, the results presented both in this study and in Koohmaraie et al. (1995), suggest that describing the pH 
at 24 hours post mortem as “final” or “ultimate” may be inaccurate. 
Technological meat quality parameters determined in this study can only be compared with those in previous 
work to a limited extent. Comparisons between studies are hampered by differences in e.g. feeding intensity, 
LWG, breed, sex, intact or castrated ram lambs, carcass weight and slaughter method, or the fact that some of 
these factors are barely described. These differences derive from the many different production systems used 
for lamb, which have different prerequisites such as climate and tradition. Thus, previous studies have found no 
differences in WBSF (Berge et al. 2003, Rodrígues et al. 2008, Karaca et al. 2016), significant differences in WBSF 
(Sañudo et al. 2003), no differences in meat colour (Díaz et al. 2002, Pethick et al. 2005), significant differences in 
meat colour (Priolo et al. 2002) and no differences in water loss (Díaz et al. 2002, Rodrígues et al. 2008, Karaca et 
al. 2016) when comparing different lamb types and production systems. 
Berge et al. (2003) did not find any differences in WBSF (2.17–3.69 kg, equal to 21.3–36.2 N) between indoor-reared 
entire male lambs fed concentrate compared with entire male lambs reared on different types of pasture, with 
or without concentrate. The results in Berge et al. (2003) are not fully comparable with ours, due to differences 
in animal age at slaughter (3.5–7 months), carcass weight (10.4–19.7 kg) and feeding systems, but were similar 
to those in our study. Karaca et al. (2016) studied the effect of two feeding systems where lambs were fed a fin-
ishing diet of either alfalfa hay (1750 g day-1) or alfalfa hay (1250 g day-1) + 500 g of barley per lamb and day, with 
both diets balanced to give equal energy intake in the two groups. Live weight gain for both groups (90 and 32 g 
day-1) was low compared with that in the present study, but these values were significantly different. The WBSF 
values did not differ between groups in that study (45.7 and 43.9 N), as also found in the present study. However, 
carcass weights reported by Karaca et al. (2016) (17.5 and 15.7 kg) were lower than those in the present study. 
Significant differences in average daily gain between groups were observed in both that and the present study, 
indicating that differences in growth rate do not automatically result in differences in WBSF. Further, Karaca et al. 
(2016) found no differences in either meat colour (L*, a* or b*) or cooking loss, corresponding to the results of 
the present study. A study by Rodrígues et al. (2008) found differences in LWG when comparing different feeding 
intensities (straw + pelleted commercial concentrate compared with whole barley grain + protein supplement), 
with a LWG per day of 272 g for the straw group and 371 g for the barley group. On the other hand, Rodrígues et 
al. (2008) did not find any differences in meat colour, WBSF or water-holding capacity. However, carcass weight 
was lower (by 12 kg) than in the present study, hampering direct comparison of the results. 
Sañudo et al. (2003) compared different production systems from six European countries, based on either grass 
or concentrate or a combination of both. The WBSF results in that study revealed significant differences between 
systems related to different feeding strategies, age at slaughter, carcass weight and breeds. However, the results 
are not unequivocal, indicating a combined effect of the factors mentioned above on WBSF. Nevertheless, the 
results indicate that WBSF values are affected by age at slaughter when comparing entire male lambs with simi-
lar carcass weights. The youngest animals had the lowest WBSF values in the study by Sañudo et al. (2003), but 
no such effect was seen in the present study. The lack of differences in technological meat quality attributes in 
the present study is a positive finding, since it indicates that all four production systems compared can be used 
in practice without altering the technological properties of the lamb meat. Pethick et al. (2005) found significant 
differences in LWG when comparing different feeding intensities (pasture, moderate-energy pellet, high-energy 
pellet, straw). They found no differences in L* and b*, as in the present study, but observed differences in a*, with 
meat from lambs in the pasture and moderate-energy treatment having a darker red colour than the high-energy 
pellet group, in contrast to the present study. Pethick et al. (2005) attributed the differences in a* to elevated ulti-
mate pH levels in the high-energy pellet (pH 5.66) and straw (pH 5.67) feeding treatments compared with pasture 
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(pH 5.57) and moderate-energy pellet (pH 5.59). This could also explain the lack of differences in colour in the 
present study, since pH24 did not differ significantly between groups and may therefore not have influenced any of 
the colours (L*, a* or b*). As in the present study, Díaz et al. (2002) did not observe any differences in colour (L*, 
a* or b*) or water-holding capacity when comparing concentrate and pasture for fattening lambs. However, Prio-
lo et al. (2002) recorded differences in L*, with a grass-fed group producing darker meat than the stall-fed group, 
and saw a tendency for differences in b*, with the grass-fed group having a lower yellowness index than a stall-
fed group. Priolo et al. (2002) attributed the difference in L* to numerically higher ultimate pH for the grass-fed 
group (pH 5.62) compared with the stall-fed group (pH 5.57). However, this difference was non-significant, and it 
is thus questionable whether it can explain the difference in L* between grass-fed and stall-fed lambs. 
Conclusions
There were differences in LWG between the four production systems studied here, but the results indicate that 
intact ram lambs can be reared under intensive or extensive conditions without any differences in meat quality at-
tributes. Parameters affected by the production system included age at slaughter, live weight gain, carcass weight, 
carcass conformation and fatness scores. Lambs reared on cultivated pasture had better carcass classification (con-
formation and fatness), as well as carcass weights than those reared on semi-natural pasture. Further studies are 
needed to evaluate the existing recommendations of pH24 to be 5.7 for meat to identify if this recommendation 
applies for animal material and production systems used in this study. Studies are also needed on whether pH at 
24 hours post mortem should be described as “final” or “ultimate” pH, since further pH decline in muscle beyond 
24 hours has been observed. If pH measurements are to be carried out later than 24 hours after slaughter, possi-
ble correlations between pH and meat quality attributes, such as tenderness, should be examined.     
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